A n analysis o f t h e k l t i p l e Model Adaptive Control algorithm is presented based on the a n a l y s i s o f a canonical problem simulations o f which a r e s i m i l a r to those obtained in applications.
Introduction of the plant are incompletely knom. Furthermore. t h e
In many a p p l i c a t i o n s o f c o n t r o l t h e o r y , t h e d y n a n i c s dynamics a r e o f t e n t i m e v a r y i n g and nonlinear.
In such an envirorment control becanes a v e r y d i f f i c u l t t a s k and the optimal control problem for such systems remains msolved.
However, a m y r i a d of suboptimal adaptive control schemes have been proposed. Such schemes have not, in general, been subjected to c a r e f u l s t u d y G a r d i n g q u a l i t a t i v e p e r f o r m a n c e s u c h a s d e t e r m i n i s t i c s t a b i l i t y and i n a p p l i c a t i o n s , mapy of these methods have exhibited difficulties.
Ihe r e s e a r c h r e p o r t e d a t t e m p t s t o q u a l i t a t i v e l y
and q u a n t i t a t i v e l y e x a n i n e t h e p r o p e r t i e s o f o n e method of adaptive control which has been discussed in the l i t e r a t u r e , n a m e l y , t h e k l t i p l e Model Adaptive Control ( M A C ) method [1,6.71 .
"his adaptive control algorittm has a very pleasing structure: a cascade of something which resembles a Kaximm Aposteriori P r o b a b i l i t y (MAP) i d e n t i f i e r E21 and a bank o f l i n e a r quadratic regulators.
Houever, i n use it has becane c l e a r t h a t the MAC method can exhibit unacceptable behavior -such as high amplitude limit cycles.
In t h i s paper the major qualitative properties of the MAC method are exanined and p r i n c i p l e r e a s o n s f o r t h e canplete rnderstanding of the behavior will lead to macceptable behavior explored. It i s believed that a guidelines for the modification of the design which w i l l u l t i m a t e l y y i e l d a general design methodology.
Review o f t h e " A C Method
-----Maximum A p o s t e r i o r i P r o b a b i l i t y I d e n t i f i c a t i o n Assme t h a t a linear, time-invariant (LTI) d i s c r e t e t i m e system is given by:
notation (A.B,C) to r e f e r to t h i s system, which w i l l 5 and n a r e n h i t e Gaussian noise vectors. Ye use t h e be c a l l e d t h e t r u e s y s t e m . F u r t h e r m o r e , a s s m e t h a t we have a s e t o f models, ( A .B , C ) , f o r t h e t r u e system. It is well horn t h a t the s t e a d y s t a t e Kalman F i l t e r (KF) E31 which e s t i m a t e s t h e s t a t e x ( k ) based on the model ( A .B .C ) is given by Adaptive Control If one knew w i t h c e r t a i n t y which model matched the true system. it w u l d be a simple matter to design a controller using any of the standard synthesis techniques. Therefore. one reasonable way t o d e t e r m i n e a c o n t r o l l a w f o r t h e c o n t r o l s which would be used i f o n e a s s m e d that one mknon system is t o p r o b a b i l i s t i c a l l y w e i g h t t h e o f t h e models was correct. ¶hat is, l e t N 5-1
For the present study, $L i s a s s m e d t h a t the c o n t r o l PJr each model, u i , is genebated &sing a Linear-Cuadratic-Gaussian methodology.
-A Canonical Roblem
In order to guide and motivate the research. Hotever. f o r s t a b i l i t y a n a l y s i s these assmed zero mean, white and Gaussian w i t h covariance noises are zero. Further, the control law weights Q and R are chosen diagonal such that t h e r e s u l t i n g c o n t r o l g a i n m a t r i c e s a r e The structure described above will be referred to a s the canonical problem and can b e smmarized by defining w(k)=Cx ,r1,r21 Responses Various types of responses have been observed in simulations of t h e system p e s e n t e d in Section 3.1. lhese simulations provided the motivation a d guidance for the a n a l y s i s i n Section 4. lhey here obtained by varying the v a l u e o f t h e c o n t r o l gain g a s in Table 1 . Table 1 Figure 2: g=l.62 &O Figure 3 : g-1.4 &O Note t h a t t h e second case could not be achieved with the LQ philoso,phy. However, i n a l l c a s e s the c o n t r o l gain is stable for the system for which i t i s designed. lhese designs demonstrate stable ( Figure 2 ) and mstable operation (Figure 3 ). Plotted i s t h e probablity of model 1 , t h e v a l u e s o f t h e t r u e s t a t e s and the log of the product x x . 
I?
As detailed in C53. an a p p r o x d a t i o n t& the time of t h e n e x t p r o b a b i l i t y t r a n s i t i o n , T (assuaed t o be from P-1 t o P-0) for our canonical poblem as the s o l u t i o n of 
E v a l u a t i n g t h e s w a t i o n s y i e l d s
t h e r e A(P) is a convex quadratic frnction O ! r.
Result 1: If' Ia(z-g)1<1 and la(*g)+ $ z I < 1 t h e n v ( k )
to be decreasing for all P, which i s lhe proof i s given in 151. Note that Result 1 i n d e p e n d e n t o f t h e s t a b i l i t y o f X ( P ) .
Simulation results i n d i c a t e t h a t t h e first condition
behavior. Also, not a l l c o n t r o l g a i n s which s t a b i l i z e i n Result 1 may b e s u f f i c i e n t f o r s t a b i l i t y due to 0-1 the design model r e s u l t i n a s t a b l e c l o s e d l o o p system. n u s . t h e c h o i c e o f c o n t r o l g a i n s f o r u s e i n an WAC system requires more t h a n j u s t good performance a t one design point. Finally for some systems no l i n e a r c o n t r o l w i l l result i n v(k)->O for P behavior m u s t b e o f t h e o s c i l l a t o r y t y p e . Removal of = 1/2. For these systems t h e o n l y possible s t a b l e t h e g . 0 a s s m p t i o n i n t h e a n a l y s i s r e s u l t s i n an i n t r a c t a b l e problem. 
Domain o f A t t r a c t i o n
For 9 M A C system it can be show C51 that i f A(P) is a stable matrix for P=1/2 , then t h e system l i n e a r i z e d about P=1/2 is n e u t r a l l y s t a b l e i n t h a t the p r o b a b i l i t y h a s no tendency t o r e t u r n to 1/2. This i s c l e a r s i n c e i f t h e s t a t e i s changing the p r o b a b i l i t y and thus -0 w i t h ar~! P i s zero, there
is n e i t h e r t h e need n o r t h e b a s i s As seen in t h e previous section A ( P ( . ) ) is a f m c t i o n of a ( . ) a d t h i s c o n n e c t i o n will be u t i l i z e d . Assune P(0)=1/2 and t h a t 8'1.
Extensions to more general cases follow simply and will not b e included. It i s thus c l e a r from t h e above t h a t for some
Refer to Figure 5 . Define 6 to be the value of a such that P=1/2-E and 61 t o be the value o f a such that P=1/2-c1.
It can be show [ 5 1 t h a t (4.7)
where a = m a r I IX(P(k))l I and 0 is r e l a t e d to t h e residual ueighting matrices el and e2. Ole may t h u s ctmose ar a for some 61 , c m p u t e the value of a and f i n a l 1 u s e the e u a l i t y from Equation 
